We've assembled a list of the top ten advances in materials science over the last 50 years. We thought long and hard. We sought the advice of our editorial advisory panel and asked leaders in the field to add their own contributions. We hope the results are interesting and thought-provoking. In making the final selection, we have tried to focus on the advances that have either changed our lives or are in the process of changing them. This is arguable, of course.
Scanning probe microscopes
The invention of the scanning tunneling microscope (STM) by Heinrich Rohrer and Gerd Binnig at IBM's Zurich Research Laboratory was deservedly awarded the Nobel Prize for Physics in 1986. Not only is this a new microscopy technique -remarkable enough in itself -but it provides a way to probe the local properties of a sample directly with nanometer resolution. Quickly followed by the atomic force microscope (AFM), this new access to the nanoscale world (see box: Making sense of the nanoworld), arguably brought about the current ubiquity of nanotechnology. The invention immeasurably increased our abilities at this scale.
Giant magnetoresistive effect
The 2007 Nobel Prize for Physics went jointly to Albert Fert of Université Paris-Sud, France, and Peter Grünberg of Forschungszentrum Jülich, Germany, for independently discovering the giant magnetoresistance (GMR) effect in 1988. So it is no surprise to see this advance on our list.
Semiconductor research is guided by the ITRS. (Courtesy of SEMATECH.)
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The history of the ITRS
The ITRS provides a guideline for research and development for integrated circuit technology needs within a 15-year horizon.
Updated annually, the ITRS evolved from a series of workshops and assessments conducted by industry leaders in the late 1980s to ascertain precompetitive critical needs. The first national technology roadmap efforts began in 1992 and in 1993 the first Semiconductor Technology Roadmap effort was sponsored by the Semiconductor Industry Association, supported by the Semiconductor Research Corporation, and edited and produced by SEMATECH.
In 1994, the roadmap was updated by a team of over 400 technologists and renamed the National Technology Roadmap for Semiconductors (NTRS). In 1997, the NTRS began to emphasize the challenges, technology requirements, and potential solutions for each roadmap topic. The NTRS was reviewed for the first time in 1998 by an international team that included technologists from Europe, Japan, Korea, and Taiwan. The first ITRS was produced in 1999, the first ever international industry roadmap of its kind.
The ITRS is based on the consensus of a substantial team.
More than 1200 participants were involved from industry, national These two inventions have opened doors into the nanoscale world, and ultimately to nanotechnology. Looking at individual nano-entities such as single molecules, how they react to an external stimuli, how they move and dance on a surface, and how they recognize and talk to each other is no longer science fiction.
Moreover, these nanotools allow the manipulation of individual nano-objects and enable scientists to gain a quantitative insight into their physical and chemical properties. Thus they have become crucial in optimizing the performance of nanodevices.
The ultimate impact of these tools will surely cover a huge range of disciplines, including materials science, (opto)electronics, medicine, catalysis, and they will offer new solutions to key problems such as energy and the environment.
In the end, SPM techniques are all about the five senses. Sight is achieved by gently touching surfaces. Hearing: the acoustic response of the tip allows detailed insights into the mechanical properties of surfaces. The same tips, once functionalized with welldefined groups, can identify functional groups through molecular recognition, thus they can finally smell and taste the new and thrilling perfume and flavor of the nanoworld.
GMR describes the large change in electrical resistance seen in stacked layers of magnetic and nonmagnetic materials when an external magnetic field is altered. Thanks largely to the subsequent work of Stuart Parkin and coworkers at IBM Research, the phenomenon has been put to great effect in the read heads in hard disk drives. These devices are able to read out the information stored magnetically on a hard disk through changes in electrical current.
The high sensitivity of GMR read heads to tiny magnetic fields means that the magnetic bits on the hard disk can be greatly reduced in size. The phenomenal expansion in our ability to store data that we continue to witness today can be traced back to this discovery.
Semiconductor lasers and LEDs
The development of semiconductor lasers and lightemitting diodes (LEDs) in 1962 is a great materials science story (see box: The III-V laser and LED after 45 years). They are now the basis of telecommunications, CD and DVD players, laser printers, barcode readers, you name it. The advent of solid-state lighting is also likely to make a significant contribution to reducing our energy usage. The III-V laser and LED after 45 years A significant fraction of the Earth's population has, by now, seen an LED. But few are aware it is not a conventional light source, rather an electronic source related to the transistor.
As John Bardeen's (one of the inventors of the transistor) first student and then colleague for 40 years, I heard him explain many times that it was not known until the transistor that a current could create a nonequilibrium electron-hole population in a semiconductor. Subsequently, electron-hole recombination could re-establish equilibrium, delivering light.
As we studied recombination for transistor reasons, we were on the path to the laser and LED, especially when we moved to the direct-gap III-V compounds. Studying GaAs for tunnel diodes in 1960-62, I was not happy with its 1.4 eV (infrared) bandgap. I learned how to shift GaAs towards GaP, to GaAs 1-x P x and red light wavelengths. In 1962, a small number of us realized that the GaAs p-n junction might serve as the basis of a laser. But I wanted to work not in the infrared, but with GaAs 1-x P x in the visible region where the eye sees. I knew enough about lasers to know I needed a cavity to help my red p-n junctions become lasers.
My astute colleague at General Electric (GE), Bob Hall, was one 
Carbon fiber reinforced plastics
The last 50 years have seen advanced composites take off -quite literally, in that many applications of these light but strong materials have been in aviation and aerospace. But modern composite materials have touched just about all industries, including transport, packaging, civil engineering, and sport. They can be found in Formula 1 cars, armor, and wind turbine rotor blades.
Leading the charge are carbon fiber reinforced plastics or, more properly, continous carbon fiber organic-matrix composites. These materials bond extremely stiff, high-strength carbon fibers into a polymer matrix to give a combined material that is also exceptionally tough and light in weight.
The early 1960s saw the development of carbon fibers produced from rayon, polyacrylonitrile, and pitch-based precursors. The long, oriented aromatic molecular chains give the fibers exceptional strength and stiffness. This was a real gain over the amorphous glass fibers used previously in composite materials.
The development of carbon fibers, together with advances in design, modeling, and manufacturing, has given rise to composite materials with controlled, specific properties. "Rather than an engineer using a constant set of material characteristics, organic-matrix composites and the associated manufacturing methodology now enables the engineer to design the material for a specific application," says Richard 
Materials for Li ion batteries
It is hard to remember how we coped before laptops and cellular phones came along. This revolution would not have been possible without a transition from rechargeable batteries using aqueous electrolytes, where H + is the working ion, to the much higher energy densities of Li ion batteries.
Li ion batteries required the development of novel electrode materials that satisfy a number of considerations. In particular, the cathode needs a lightweight framework structure with free volume in between to allow a large amount of Li ions to be inserted and extracted reversibly with high mobility.
Carbon fiber-reinforced plastics were at the heart of this bike built by Lotus Engineering for the 1992 Barcelona Olympics. It helped Chris Boardman win gold. (Courtesy of Lotus.)
The process of materials design and discovery involved a mixture of clever chemical and electrochemical intuition, rational assessment of the technical requirements, and substantial experimental effort, and is dominated by the work of John B. Goodenough and colleagues at the University of Oxford in the 1980s. They came up with the cathode material LiCoO 2 that Sony combined with a carbon anode in 1991 to give us the batteries that make possible the portable devices we know today. Work continues to develop cathode materials without the toxic Co and with three-dimensional framework structures like LiFeO 4 for environmentally benign, high-energy density batteries. Today, the remarkable, unique, and phenomenally promising properties of these nanoscale carbon structures have placed them right among the hottest topics of materials science. So why are they only at number eight in this list? Well, there still remains much to sort out in their synthesis, purification, large-scale production, and assembly into devices. And there's also the very frustrating inability to manufacture uniform samples of nanotubes with the same properties.
Soft lithography
The ability to fabricate functional structures and working devices in different materials is central to the production of microelectronic devices, data-storage systems, and many other products. This process is almost exclusively carried out by highly specialized, complex, and very expensive photolithography equipment confined to the controlled environments of cleanrooms. How valuable, Oberlin, A., et al., J. Cryst. Growth (1976 ) 32, 335. © 1976 A journey on the nanotube Aside from the controversy surrounding their discovery, the tremendous mechanical, electrical, and thermal properties of CNTs combined with a low density promise to revolutionize materials science. Applications are appearing in integrated nanoelectromechanical systems working in the gigahertz frequency band, exquisitely sensitive mechanical sensors, ultrasharp scanning probe microscopy tips, nanosized drug delivery vehicles, and so on. Moreover, using CNTs as fiber reinforcements could lead to innovative new composite materials. Even if miniaturization tends to be the focus for CNTs, in mechanics there is also the opposite trend because the human scale is the meter. CNTs are strong and stiff mainly because they are small and thus nearly defect-free -their best attribute. Thus, controlling and minimizing defects while scaling up CNT structures would be a real breakthrough.
Viewgraph showing a single-or double-walled CNT published in 1976. (Reprinted with permission from
For example, a macroscopic cable having the same strength-todensity ratio as a single, defect-free nanoscopic CNT would allow us to build fantastic structures such as a terrestrial space elevator.
Here, a cable attached to the planet's surface could carry payloads into space. Alternatively, if CNT materials that mimic the hairs on the feet of spiders and geckos could be scaled up, a Spiderman suit for clinging to walls would be within the reach of all of us. There is also plenty of room at the top. The metamaterial structure of an invisibility cloak that hides objects from microwave radiation. (Credit: David Schurig, Duke University.) 
